ABSTRACT Asterodensity Profiling (AP) is a relatively new technique for studying transit light curves. By comparing the mean stellar density derived from the transit light curve to that found through some independent method, AP provides information on several useful properties such as orbital eccentricity and blended light. We present an AP survey of 40 Kepler Objects of Interest (KOIs), with a single transiting candidate, for which the target star's mean stellar density has been measured using asteroseismology. The ensemble distribution of the AP measurements for the 30 dwarf stars in our sample shows excellent agreement with the spread expected if the KOIs were genuine and have realistic eccentricities. In contrast, the same test for the 10 giants in our sample reveals significant incompatibility at 4 σ confidence. Whilst extreme eccentricities could be invoked, this hypothesis requires four of the KOIs to contact their host star at periastron passage, including the recently claimed confirmation of Kepler-91b. After carefully examining several hypotheses, we conclude that the most plausible explanation is that the transiting objects orbit a different star to that measured with asteroseismologycases we define as false-positives. Based on the AP distribution, we estimate a false positive rate for Kepler's giant stars with a single transiting object of FPR≃ 70 ± 30%.
INTRODUCTION
Over the last five years Kepler has revolutionized our understanding of exoplanetary systems with the discovery of several thousand planetary candidates 5 . One of the revelations to have emerged from this avalanche of objects is that conventional follow-up techniques for transit surveys, such as radial velocity observations, are impractical and prohibitively expensive when faced with several thousand targets. For this reason, great effort has been spent to find alternative methods to validate planetary systems which can ideally make use of the original Kepler data alone, such as blend analysis (Torres et al. 2011) , Transit Timing Variations (TTV) (Nesvorný et al. 2012 ) and seeking reflection/emission from the planet itself (Esteves et al. 2013) . With the upcoming TESS mission expected to provide ∼10,000 more planetary candidates, these techniques will be of great value to the wider community. In this vein, a new technique dubbed "Asterodensity Profiling" (AP) has recently been proposed as a tool to both aid in planetary validation and measuring the orbital eccentricity of planetary candidates (see Kipping et al. 2012a; Dawson & Johnson 2012; Kipping 2013c and references therein) .
AP exploits the fact that one can infer the mean stellar density of a star, ρ ⋆,obs , from the shape of a transit light curve under various idealized assumptions, as first demonstrated by Seager & Mallen-Ornélas (2003) . If one has some independent measure of the mean density, ρ ⋆,true , a direct comparison allows one to test the various idealized assumptions and ultimately extract use-1 Harvard-Smithsonian Center for Astrophysics 2 Sagan Fellow * dsliski@cfa.harvard.edu † Based on archival data of the Kepler telescope. 5 See http://archive.stsci.edu/kepler/planet candidates.html ful information about the properties of the system. For example, Dawson & Johnson (2012) showed how the orbital eccentricity of a planet may be inferred using the so-called "photo-eccentric" effect and Kipping (2013c) showed how the quantity of blended light may be constrained using the "photo-blend" effect. Generally, cases where the two derived densities are dramatically different are the most interesting, since these immediately imply that the idealized assumptions cannot hold (Dawson et al. 2013) .
Arguably, the most accurate and precise independent measure of a star's mean density comes from asteroseismology by measuring the large frequency spacing between the pulsation modes (Ulrich 1986 ). Thanks to Kepler's precise and stable short cadence (SC) photometry (Gilliland et al. 2010) , observers have derived fundamental properties for dozens of targets hosting planetary candidates (Huber et al. 2013) . It is worth noting that since giants and sub-giant stars have greater pulsation amplitudes and timescales, Kepler targets with asteroseismology include considerably more low surface gravity stars than a random Kepler subset. This means that by using AP on this asteroseismology sample, we not only focus on the most well-characterized host stars, but we also have an opportunity to compare the ensemble population of planetary candidates associated with dwarfs versus giants.
In this work, we aim to demonstrate the value of AP in studying and characterizing transiting planetary candidates, where we limit our sample to only those stars with asteroseismologically determined mean stellar densities. Since our sample contains a considerable number of evolved host stars, we will also take this opportunity to use AP to compare the population of planetary candidates associated with dwarfs versus giants. In §2, we outline our sample and our methodology for conducting our survey using AP. In §3, we present the results of these efforts including a comparison between the dwarf and giant population. In §4, we will explore the possible implication of AP on future mission and surveys as well as what a potentially high false positive rate around giant stars might mean.
METHODS

Sample Selection
From the several thousand Kepler Objects of Interest (KOIs) known at the time of writing, we focus on those KOIs with asteroseismologically determined stellar densities. Whilst asteroseismology is not a requisite for conducting AP, it is usually the most accurate and precise measurement available and is often referred to as the "gold standard" (Bastien et al. 2013) . Huber et al. (2013) recently provided a homogeneous catalog of asteroseismologically determined stellar densities for 77 planet-candidate host stars. This sample, including 107 planetary candidates, forms the input catalog for our work. We subsequently refer to the independent measure of the stellar density used in our AP analysis as ρ ⋆,astero .
In this work, we limit our sample to only those host stars with a single transiting planet candidate. The rationale for this choice is two-fold. First, one of the objectives of our work is to provide insights into the falsepositive rate between the dwarf and giant planet-hosting stars and since multi-planet systems are known to have a very low false-positive rate (Lissauer et al. 2012) , the single KOIs represent the more unknown subset. The second reason is that we propose that the single KOIs have a higher a-priori probability of exhibiting large AP discrepancies than the multis. This choice can be understood by considering the six known AP effect discussed recently in Kipping (2013c):
Photo-eccentric (PE) effect: orbit of the transiting body is non-circular; causes ρ ⋆,obs >ρ ⋆,astero if 0 < ω < π and ρ ⋆,obs <ρ ⋆,astero if π < ω < 2π
Photo-blend (PB) effect: a background, foreground or associated star dilutes the transit depth; causes ρ ⋆,obs <ρ ⋆,astero Photo-timing (PT) effect: Unaccounted Transit Timing Variations (TTVs) affect the composite transit light curve; causes ρ ⋆,obs <ρ ⋆,astero Photo-duration (PD) effect: Unaccounted Transit Duration Variations (TDVs) affect the composite transit light curve; causes ρ ⋆,obs <ρ ⋆,astero Photo-spot (PS) effect: Unocculted starspots behave like an anti-blend, enhancing the transit depth; causes ρ ⋆,obs >ρ ⋆,astero Photo-mass (PM) effect: The mass of the transiting body is significant and one cannot assume M transiter ≪ M ⋆ ; causes ρ ⋆,obs >ρ ⋆,astero
Although we direct the reader to Kipping (2013c) for exact formulae and details of each AP effect, we point out that the PT, PD, PS and PM effects are all generally much weaker (typically 10 −1 -10 0 effect) than the PB and PE effects (typically 10 1 -10 3 ). Since large AP discrepancies are the most interesting to study, one should expect such variations to be caused by either the PB or PE effects. Multi-planet systems certainly have a low a-priori probability of exhibiting the PB effect, since the false-positive rate is known to be very low (Lissauer et al. 2012) . They are also unlikely to have planets on large eccentricities in order to be dynamically stable, which means we expect low PE effects. For these reasons, we argue that single KOIs have a higher a-priori probability of exhibiting large and thus interesting AP discrepancies.
An added bonus of studying the single KOIs exclusively is that they are less probable, a-priori, to exhibit TTVs and thus the PT effect. Physically speaking, this is because they are less likely to have nearby planets near mean motion resonance inducing large perturbations (Agol et al. 2005; Holman et al. 2005) . Mazeh et al. (2013) recently reported that multi-transiting KOIs exhibit significant TTVs in 120 out of 894 cases (≃13%), whereas single-transiting KOIs show significant TTVs in just 23 out of 1066 cases (≃2%). Since periodic TDVs are usually associated with periodic TTVs (Kipping 2009; Nesvorný et al. 2013) , then the a-priori probability of the PD effect is also significantly less. On this basis, we argue that any large observed AP variations found in this sample are likely due to either i) the photo-eccentric effect, ii) the photo-blend effect or iii) the target with asteroseismology modes detected is not the same as the target with the transiting body.
In the Huber et al. (2013) , there are 43 KOIs in single transiting systems. Of these, we exclude three objects for different reasons. KOI-42.01 shows strong TTVs (Van Eylen et al. 2013 ) and so falls in that small 2% category of dynamically active single KOIs. KOI-2.01, also known as HAT-P-7b (Pál et al. 2008) , is known to exhibit substantial ellipsoidal variations (Welsh et al. 2010) which may affect our detrending routine (see §2.2) and is thus excluded. Finally, we also exclude KOI-981.01 due to a shallow transit signal and strong fluctuations from the host star. This leaves us with 40 KOIs for our survey, which are listed in the first column of Table 1. Note that we include KOIs regardless as to whether they have been dispositioned as a false-positive or not, since the theory of AP is general for any eclipsing body, not just planets (Kipping 2013c).
Detrending & Fitting the Transits
We here describe the procedure used to detrend and fit the Kepler transit light curves. We first downloaded all available light curves spanning quarters 1-16 for each object from the Mikulski Archive for Space Telescopes (MAST) database 6 . Where available we use the shortcadence (SC) data over the long-cadence (LC) and we always use the Simple Aperture Photometry (SAP) time series. We exclude all data greater than three transit durations either side of the times of transit minimum.
For each KOI, our goal is to derive posterior distributions for the fitted parameters in a Bayesian framework. This is achieved by coupling a Bayesian regression routine to a transit light curve model. To model the transits, we make the same idealized assumptions as Seager & Mallen-Ornélas (2003) e.g. spherical planet, spherical star, circular orbits, no blended light, opaque planet, etc. The transit light curves are generated using the Mandel & Agol (2002) algorithm described by seven free parameters with the following priors: log 10 (ρ ⋆,obs [kg m
−3 ]): log-base-ten of the observed stellar density. Uniform prior from 0 < log 10 (ρ ⋆,obs [kg m
−3 ]) < 6.
(R P /R ⋆ ): ratio of the planetary candidate's radius to the star's radius. Uniform prior 0 < (R P /R ⋆ ) < 1.
b: impact parameter of the transit. Uniform prior 0 < b < 2.
P : orbital period of the planet. Uniform
, whereP is the period reported by Borucki et al. (2011) .
, whereτ is the period reported by Borucki et al. (2011) .
q 1 : First modified quadratic limb darkening coefficient defined in (Kipping 2013a) . Uniform prior 0 < q 1 < 1.
q 2 : Second modified quadratic limb darkening coefficient defined in (Kipping 2013a) . Uniform prior 0 < q 2 < 1.
We highlight that the stellar density is fitted uniformly in log-space, which can also be thought of as a Jeffreys prior in ρ ⋆,obs (Jeffreys 1946) . We choose a Jeffreys prior for this term since it can span several orders of magnitude and it is generally considered the most uninformative prior choice possible. We also highlight that the limb darkening coefficients use the uninformative priors proposed in Kipping (2013a) , which both improves the sampling efficiency and ensures complete coverage of the physically permissible prior volume. Long-cadence data are resampled to account for smearing using N resam = 30 and the technique described in Kipping (2010) .
In general, our Bayesian regression routine is a Markov Chain Monte Carlo (MCMC) algorithm (see Gregory 2005 for the use of MCMC in uncertainty estimates) using the Metropolis-Hastings rule (Metropolis et al. 1953; Hastings 1970) . We use a Gaussian likelihood function in all fits and the seven parameters are allowed to vary with jump sizes tuned to be between 10%-100% of the parameter uncertainties with the goal of ≃ 10-40% of trials accepted. For each trial, we first compute the trial model and then determine the best fitting linear slope for each transit epoch which matches the observations and the trial model. This is achieved using a least squares linear minimization routine at every trial and naturally for cases where there are many transits and SC data, the computational time to achieve this is significant (see Kundurthy et al. 2013 for a previous example of this technique). Nevertheless, this approach essentially detrends the data simultaneously to fitting the actual transit model and thus the parameter uncertainties are more realistic.
In certain cases, we noticed that the linear derending was insufficient to correctly detrend the light curves as curvature existed in the out-of-transit baseline data. These cases were usually long-period KOIs since such transits have longer transit durations and thus the baseline can cover several days. In these cases, we opted to use a more sophisticated detrending algorithm devised by the Hunt for Exomoons with Kepler (HEK) project (Kipping et al. 2012b ) known as CoFiAM (see Kipping et al. 2013 for details). This algorithm is well suited for longer-period planets and works on a Fourierbasis to guarantee that the transit profile remains undisturbed by the detrending procedure. The detrended light curves are then fitted using a multimodal nested algorithm, MultiNest (Feroz et al. 2008 (Feroz et al. , 2009 ), rather than MCMC, since MultiNest is both more expedient in lowdimensional space and requires no tuning of jump sizes.
RESULTS
Conducting AP
We provide all of the fitted transit parameters for the 40 KOIs in our sample in Table 1 , except for τ as this is the least relevant term for our study (available upon request). Table 2 provides a direct comparison of ρ ⋆,obs and ρ ⋆,astero , which is essentially the act of AP (this is also visualized in Figure 2 ). As discussed in §2.1, any significant AP discrepancies in this sample are likely due to either the PE effect, the PB effect or that the transiting body in fact orbits an alternative star to the asteroseismologically measured target. For each of these three possible explanations, we can quantify a relevant descriptive parameter. For the PE effect, the minimum eccentricity, e min , naturally falls out of the AP expressions and we use the Equation 39 of Kipping (2013c) , the results of which are shown in Column 4 of Table 2 . Similarly, for the PB effect we use Equation 17 of Kipping (2013c) , with results shown in Column 5 of Table 2 .
If the transiting body orbits a different star in the same aperture, then we know a) the transit is diluted and so the photo-blend effect is occurring b) we do not know the "true" stellar density. However, in the case of the photo-blend effect, Kipping (2013c) showed that the observed density can only be altered up to a minimum limit defined as (Equation 13 of Kipping 2013c):
In the case where ρ ⋆,true is unknown then, we can rewrite this as 
Equation 2 reveals the maximum allowed density of the alternative star. Since it is only an upper limit, only cases where ρ ⋆,alt,max is very low allow us to exclude this scenario. We calculate this term for every KOI in Column 6 of Table 2. In the last column, we provide a plausible list of which of these three effects, or no effect at all ("N"), can explain the observation. Note that objects for which B < 1 (where B is the blend factor defined in Kipping 2013c) correspond to an anti-blend and have no physical meaning and thus the photo-blend effect can be discounted. Additionally, although the photo-eccentric effect can explain a diverse range of AP observations, some cases can be rejected as being due eccentricity if the periastron passage goes inside the star. We define and compute this using:
(1 − e min ).
3.2. Ensemble Results As evident in Table 2 , our AP survey of 40 single KOIs reveals numerous strong discrepancies between ρ ⋆,obs and ρ ⋆,astero . By plotting the observed discrepancies as a function of log g, one immediately identifies an apparent split in the distribution at the boundary of log g = 3.7 Huber et al. (2013) . Columns 4, 5 and 6 are computed using Equations 39 & 17 of Kipping (2013c) and Equation 2 of this work, respectively. Classification denotes AP which can explain the observations, where "N" denotes no AP effect required. KOIs with a * imply that b > (1 − p) in more than half the posteriors samples, meaning the AP equations become invalid. Rows above the horizontal line have log g > 3.7 and those below have log g ≤ 3.7. -Measured (ρ ⋆,obs /ρ⋆,astero) from this survey (y-axis) as a function of the associated star's log g. Squares correspond to measurements with log g ≤ 3.7 and circles for log g > 3.7. The pvalue comes from a K-S test between the two populations, showing a significant difference.
(see Figure 3) . We choose log g = 3.7 as our split since this is a reasonable proxy for the boundary between dwarfs and giants/sub-giants, plus all of the observed densities below this limit have an overestimated value. Performing a Kolmogorov-Smirnov (K-S) test between these two populations reveals a 0.058% chance they are drawn from the same underlying distribution.
The evidence for a significant divide is supported by further analysis too. We decided to investigate how well our measured (ρ ⋆,obs /ρ ⋆,astero ) distribution matches that which would be expected if the photo-eccentric effect alone was responsible for the observations. The motivation for this is that the photo-eccentric effect is capable of explaining the greatest range of measurements (Kipping 2013c) . We therefore generated a synthetic population of (ρ ⋆,obs /ρ ⋆,astero ) measurements using:
Using Monte Carlo synthesis, we draw e and ω from appropriate probability distributions to generate our synthetic photo-eccentric population. Specifically, e is drawn from a Beta distribution with shape parameters a = 0.867 and b = 3.03, which is a smooth distribution providing an excellent match to the observed eccentricity distribution from radial velocity surveys (Kipping 2013b ). Parameter ω is essentially uniform from 0 to 2π radians, but weighted to account for the geometric transit probability (e.g. see Burke 2008) . The final synthetic (ρ ⋆,obs /ρ ⋆,astero ) distribution is shown in Figure 4 as a gray histogram. Overlaying the observed distributions for the dwarfs and giants immediately demonstrates how different the two samples are. The dwarf sample is fully consistent with the photo-eccentric effect, with a K-S test giving a p-value of 53.2%. In contrast, the giants are grossly incompatible with the photo-eccentric effect, with a K-S p-value of 0.006%, or 4.0 σ.
In considering this puzzling observation, we devised four possible hypotheses which could reconcile this split:
1. The larger pulsations of the giants induce significant time-correlated noise in the folded light curve, which subsequently skews the ρ ⋆,obs determination.
2. The asteroseismologically determined densities systematically underestimate the stellar density for giant stars.
3. Companions to giant stars are highly eccentric are have a dramatically different eccentricity distribution than dwarf stars.
4. A large fraction of the KOIs associated with giant stars in fact orbit a different star within the aperture -cases we define as false-positives.
Hypothesis 1 can be tested by first quantifying the degree of time-correlated noise in the data. The timescale of this spurious noise must have dominant power at ν max , the frequency of maximum asteroseismology power. For many of the targets, Huber et al. (2013) directly provide ν max and where unavailable we use Equation 10 of Kjeldsen & Bedding (1995) . We then tried crosscorrelating the (ρ ⋆,obs /ρ ⋆,astero ) measurements to the transit duration normalized by this timescale. Performing a K-S test about the median of this new variable, as we did with log g before, finds no significant split with a p-value of 8%. We also repeated this exercise using transit depth normalized by the amplitude of the maximum pulsation (computed using Equation 8 of Kjeldsen & Bedding 1995) and this yields a p-value of 33%. If red noise was genuinely responsible, one should expect these p-values should be lower than that found when using log g as the variable. Finally, we note that the median period of the giant sample is 25 d and thus the number of transits stacked together is typically large. This folding effect reduces the effect of red noise as N −1/2 transits (Pont et al. 2006) , further detracting from hypothesis 1. We therefore conclude hypothesis 1 is an improbable explanation for the observed distribution.
Hypothesis 2 seems improbable on the basis that giant stars yield the largest pulsations amplitudes and timescales. Further, the density of the star is typically the most precisely determined parameter from asteroseismology, directly related to the frequency splitting, ∆ν via (Ulrich 1986) :
The possibility that companions to giant stars are highly eccentric, hypothesis 3, has no direct physical motivation. The median minimum eccentricity required to explain this observation is 0.60. This appears inconsistent with the planets detected log g ≤ 3.7 stars from radial velocities, for which the median eccentricity is much lower at 0.129 (see www.exoplanets.org Wright et al. 2011) . Secondly, even though the photo-eccentric effect is expected to yield a small overestimate bias (periapsis transits), the fact none of the objects have an underestimation effect (apoapsis transits) is somewhat unlikely. Finally, four of the ten giants (KOI-1222.01, KOI-2133 .01, KOI-2481 .01 & KOI-2640 -Histograms of (ρ ⋆,obs /ρ⋆,astero) for KOIs studied in this work. On the left we show the results for those KOIs orbiting dwarf stars (log g > 3.7) and on the right those for giant stars (log g ≤ 3.7), demonstrating the clear difference between the two subsets. The gray histrogram shows that which would be expected if only the photo-eccentric effect was occuring and the eccentricity distribution matched that observed from the radial velocity planets (Kipping 2013b ) (deliberately binned to the same scale).
deem unphysical. We therefore find the super-eccentric planets hypothesis highly improbable.
By deduction, this leaves us with hypothesis 4 as the only viable explanation. As discussed in §4, this appears consistent with independent arguments regarding the false-positive rate for this sample. Given the small number statistics involved with a sample of just 10 giant star KOIs, the precision to which the associated false positive rate (FPR) can be measured is naturally low. However, from Figure 4 , we estimate that three of the ten giant star KOIs have (ρ ⋆,obs /ρ ⋆,astero ) compatible with the synthetic photo-eccentric effect population. These are KOI-674.01, KOI-1894.01 and KOI-1314.01 , with the lowest three measurements of (ρ ⋆,obs /ρ ⋆,astero ) out of the ten KOIs. The other seven have sufficiently high (ρ ⋆,obs /ρ ⋆,astero ) measurements that they appear incompatible with the synthetic photo-ecentric population. On this basis, we estimate FPR ≃ (70 ± 30)%. We further note that the FPR can easily be seen to be at least FPR (40 ± 20)%,on the basis that four of the ten KOIs are classified unambiguously as false-positives in Table 2 , since they would have to be so eccentric they would pass inside or contact the star. KOI-2133.01, or Kepler-91b , which is an object in our sample. If this KOI was genuinely a planet, it would seem to be a counter-example to our conclusion of a high false-positive rate for giant host stars. Further, in Table 2 we identify KOI-2133.01 as an unambiguous FP using AP. For these reasons, it is important that we investigate this apparent discrepancy.
The key reason why we identified this object as a falsepositive is because ρ ⋆,obs is so much larger than ρ ⋆,astero that the orbit would have to be highly eccentric such that (r peri /R ⋆ ) = 1.10 With two dramatically different light curve determinations of ρ ⋆,obs , or (a/R ⋆ ) obs , it remains unclear exactly which solution is correct. Fortunately, a third independent study has also computed a light curve solution for this object by Esteves et al. (2013) . Although ρ ⋆,obs is not directly reported, the authors do report (a/R ⋆ ) obs = 4.51 +0.12 −0.26 , which is in excellent agreement with the solution presented in this work and inconsistent with that of Lillo-Box et al. (2013) . Esteves et al. (2013) also identified KOI-2133.01 as a false-positive using a completely different technique to us. They reported strong phase variations indicative of reflected light and ellipsoidal variations. However, if (a/R ⋆ ) ≃ 4.5, the amplitude of the variations is so great that KOI-2133.01 must be self-luminous and thus a false positive. Lillo-Box et al. (2013) remark on this but since their (a/R ⋆ ) value is much lower, the phase variations can be explained by reflected light without KOI-2133.01 being self-luminous.
It should therefore be clear that the planetary-nature of KOI-2133.01 hangs completely on the point as to whether (a/R ⋆ ) ≃ 4.5, in which case it is a false-positive, or (a/R ⋆ ) ≃ 2.3, in which case it can be a planet. With two independent measurements by ourselves and Esteves et al. (2013) in agreement, the false-positive scenario seems the most probable. However, it remains unclear how these three studies arrived at two dramatically different results. -Planet-mass distribution of exoplanets with measured radial velocities. Squares denote host stars with log g > 3.7 and circles denote log g ≤ 3.7. Apart from HD 102956b (Johnson et al. 2010) , there is a clear paucity of P 100 d planets around evolved stars. Data come from www.exoplanets.org (Wright et al. 2011 ).
as a false-positive (see §3.3). In contrast, we find no compelling evidence for a non-zero FPR of the log g > 3.7 sample (i.e. the dwarfs). This latter result is consistent with the low FPR for Kepler dwarfs reported by Morton & Johnson (2011) and Fressin et al. (2013) of 10%. However, we are aware of no previous studies characterizing the FPR for Kepler's giant star population.
Although there are no explicit studies regarding Kepler's giant star FPR, numerous other works indicate our result is not a surprise. For example, the population of exoplanets discovered using the radial velocity (RV) technique provides some useful insights. In Figure 5 , it is apparent that there is a paucity of planets detected with periods below 100 days for host stars with log g < 3.7 (1/87), where the data come from www.exoplanets.org (Wright et al. 2011 ). If such planets were frequent, one would expect the RV sample to extend down to shorterperiods, since the RV technique is most sensitive to such objects. Out of the giant star KOIs studied in this work, eight of the ten have periods below 100 d and thus their existence would seem dubious by comparison to the RV sample.
Another useful insight comes from the number of multiple transiting planet systems detected between the dwarfs and giants, since the FPR of multis is known to be very low (Lissauer et al. 2012) at FPR 1%. Using the catalog available at http://exoplanetarchive.ipac.caltech.edu, we count that 1.8% of host stars with log g ≤ 3.7 and with KOIs not dispositioned as a false positive reside in multiple transiting KOI systems. In contrast, doing the same for the log g > 3.7 sample yields 16.9% of the objects. In other words, a Kepler star identified to have transiting planetary candidates is nearly 10 times more likely to have multiple candidates if it is a dwarf rather than a giant. This test is not definitive since the number of multi-planet systems orbiting giant stars may genuinely be much lower, but equally it can be explained by an order of magnitude higher false-positive rate for the giants.
Our AP survey concludes that many of the giants are false positives, which specifically is defined as meaning that the transiting body is actually eclipsing a different star. This implies that we should expect many of these KOIs to have potentially detectable companions using adaptive optics (AO) imaging. To investigate this, we use the database of AO images acquired for 715 KOIs by Law et al. (2013) . Of these 715, just 19 targets have log g ≤ 3.7 which include the 10 giant star KOIs in our survey (log g estimates taken from Huber et al. 2014) . Law et al. (2013) report no detections of companions for any of these 19 KOIs, with typical limits of ∆m ≃ 6 from ≈0.
′′ 15 to 2. ′′ 5. However, AO imaging is less constraining for the giants since they are intrinsically brighter and thus in a magnitude-limited survey like Kepler will have be at greater distance from the observer. Using the stellar parameters of Huber et al. (2014) , we estimate that the dwarf KOIs (log g > 3.7) have a median distance of d = 820 +420 −400 pc, whereas the giants (log g ≤ 3.7) have d = 1500 +2200 −700 pc. We therefore do not consider the lack of AO detections to be incompatible with our result.
Future Possibilities of AP
This work demonstrates the unique power of the relatively new technique of asterodensity profiling. Whilst AP was first devised with the goal of constraining the orbital eccentricities of exoplanets (Kipping et al. 2012a; Dawson & Johnson 2012) , we here verify the prediction of Kipping (2013c) that the method is also a powerful tool in vetting planetary candidates using photometry alone. In this work, we considered just 40 KOIs, but future studies with hundreds or thousands of objects would be able to realistically measure the eccentricity distribution using AP alone. Ensemble studies require targets with homogeneously and accurately derived stellar densities and we encourage work in this area to provide AP a larger sample of targets for future applications.
Future space-based transit survey missions, such as TESS or PLATO, will also surely benefit from using AP in both planet validation and characterization and our work highlights the value of accurate stellar parameters for such surveys.
